Characterization of two globin genes from the malaria mosquito Anopheles gambiae: divergent origin of nematoceran haemoglobins.
The chironomid midges are the only insects that harbour true haemoglobin in their haemolymph. Here we report the identification of haemoglobin genes in two other nematoceran species. Two paralogous haemoglobin genes (glob1 and glob2) from the malaria mosquito Anopheles gambiae were cloned and sequenced. Furthermore, we identified two orthologous haemoglobin genes in the yellow fever mosquito Aedes aegypti. All four haemoglobins were predicted to be intracellular proteins, with the amino acids required for heme- and oxygen-binding being conserved. In situ-hybridization studies showed that glob1 and glob2 expression in An. gambiae is mainly associated with the tracheal system. This pattern resembles that of other insect intracellular globins. We also observed expression of glob2 in visceral muscles. Phylogenetic analyses showed that the globins of the mosquitoes and the Chironomidae are not orthologous. The chironomid haemoglobins share a recent common origin with the brachyceran glob1 proteins. The mosquito glob1 and glob2 proteins, which separated by gene duplication around 170 million years ago, form a distinct clade of more ancient evolutionary origin within the insects. The glob1 genes have introns in the ancestral globin positions B12.2 and G7.0. An additional intron was observed in Ae. aegypti glob1 helix position E18.0, providing evidence for a recent intron gain event. Both mosquito glob2 genes have lost the B12.2 intron. This pattern must be interpreted in terms of dynamic intron gain and loss events in the globin gene lineage.